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3. The values of travel times obtained are substantially lower than those previous] 
reported. In particular, the value of out-of-vehicle time is much different from the ^ 
value of in-vehicle time. This fact should be recognized in any economic study of a 
transportation improvement if travel time is given a monetary value. 


A Study in Binary Choice 
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approach to probability distribution of 
VALUE OF WALKING TIME AND 
pedestrian CIRCULATION MODELS 

Jean Francois Allouche, Bureau Central d’Etudes pour les Equipments d’Outre-Mer, 

Paris 

L • 9o goes the dictum, but not until engineers began to apply economic 

•TIME is money. So goes the mctun ’ , conce rn about how much money it 

analysis to transportation plans “ * h '' " 1 " ” s ,“ , „ se d tor some time 

was worth. The quantitative concept ^of a e ^ r ^C^, aclurlne pr0 ces«s. 
but mostly by engineers tr y^g to imp d into account through salaries, 

^ pr °- 

auction or shorter hours and faster caplt ^ t T rn °^Q Dl s consumers much more than 
But the transportation system moves People-people ajMSonsum ^ value 

people as agents of production a ” d ™ Y urban areas, for instance, truck trips 

they assign to their own time, 'inmost U.S. tri amount to approxi- 

represent about 5 percent of all vehi P . preempting leisure time and 

mately 10 percent of person moveme ^ W k ^g^ociai organization, fall in the 
not production time, d ° not - j is m0 re than an academic problem; indeed, 

"production" category (12, p. 81 V T . hitrhwav programs, a part of the 

one of the most important quantifiable benefits in highway programs, a p 

transportation system, consists of savings in rave ime. rat j ier the values of 

Attempts have been made to measure t e va ’ indicates that our valuation 

time. Factual research as well as psychological inference ina c acUvities we 

of time is influenced by a variety of factors, rang 1 g save d. If we restrict 

pursue to our levels of income and the s per ceived value of time depends on 

our discussion to time spent in transportation, he perceivea vai f ^ 

the purposes and the conditions of travel as we a P considered the value of 

. Most investigations performed in the L 1 ’ 0 F time" as a stochastic vari- 
time as a constant. Two papers only trea h in statistics, hypothesized 

able. Pratt (8), using the central limit the, a «“ ^mat^value of Hme and inconve- 
that the interplay of numerous subjective fact , "catch-all index" by which 

nience cost, would result in a normal distribu ion person finds both modes 

individuals compare 2 travel modes (the index ei g versus free highway 

equally attractive). St. Clair and Lieder (9), studying a 

situation, assumed a normal distribution for alternative route), 

nience cost (as measured by the number of spee c a S deviation of both 

By successive trials, they determined, for the mean and standard deviation ^ 

distributions , values' that would conHdence 

choices. Their approach, however, does not al Thomas on the data 

°f their assumption. A second round of analysis per or finine th e value of time 

nsed in his original study (7) of commuter s values aims at defi g th 

* a variable function of income and of the amount 0 ^ to determine Erectly an 
bility distribution. Apparently, there has been no a p 

ena pirical probability distribution for the value of time researchers have 

Also, from a different standpoint, it is remar a e time. With the recent 

confined their investigations to the value of driving or o-rnwine attention given 

“Pturn of interest toward public transit in urban areas an the V alue of walk- 

° People-mover systems, it becomes equally important to es imate the va 
lft g time. (People-mover systems are very short-haul facilities and can 
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cenS a c S amp™17at e p rn ortr) hin Ce " te ~ SUch - the CBD, shoppil)g I 

ability Srfbutfono'f fheTalue of TaSg UrLeTo ^ 7 ** !° determine the actual p rob 
to its mathematical form Tim to u- g tlme to motoris ts and has no assumntirm 
modeled- choice PhLeducee^canTsImmed 1 T >* “““ ** 

mine the best mathematical tesls ln '"" kr »> defer- 

pedestrian behavior. r lncor Poration in a predictive model of 

THE MODEL 

fore they walkto^heir destinaD^nT 0 ^ ffrsf^r^ SeIeCting a parkin g location be- ■ 1 
that only parking fee and walking time influence 1 aTdeH^ 1 " 13 ^ 0 ”’ We wil1 ass ™e 
factors such as weather, environmental auilitv n ® cls J on ' ma ker. This eliminates 
to disregard grade if the study area is reasonablv le vl? g J adient - Tt « legitimate 
is unlikely that parking decisions take much account of th^ 11 ’ 6XCept mth shoppers, it 
the path followed to on-foot destination. f th environm ental quality along 

Formulation 

timY) 6 hyP ° thesize that a dr iver tends to minimize his total generalized cost (money and | 


C = c + x d 

where ID 

C = total cost, 

c = parking fee for desired parking duration 

x - S!uh n rf fr0B i S ? rage t0 ° n ' f00t destination, and 
disutility cost of walking 1 unit of distance. 

tination, rather than facilities', 0 3^ y 7., TweVss^me that distance dl from hi s des- 

ci + xdi * Cj + xdj for all j = 2, 3, . . . , N (2) 

Three cases are possible: 

1. If di - dj > 0, then Eq. 2 implies that 

x s (cj - d)/(di - dj) (oi 

. If di - dj = 0, then Eq. 2 implies that 

Ci s Cj 

i.e., if our original assumption of rational trarte nff k i 

correct, the driver should select the between time and walking is 

3- H di - dj < 0, then Eq. 2 implies BUt this teIIs nothi "g about x - 

x a (ci - C j)/( dj . dl ) ( 4 ) 

equalities impoles on x a kwe^bTund oranuroe in b equa * ities - Th e whole set of in- 
straint on x is that, inasmuch as the model ii valid T °" 7^' An add itional con- 
accepted for the distance disutility cost th? * negatlve value should be 
behavior: They like to park closed their deS^^^ 


L^xsm 


( 6 ) 


graphically, the argument goes as follows (Fig. 1): Total cost for a driver parking 
: jn facility i and walking to building j is 

g u = c t + xd u (7) 

For a given parker, j is fixed and Eq. 7 can be represented by a straight line in the 
coordinate system x, g. All parking facilities can be so represented. Whatever x, 
the disutility cost to him, the driver will consider only the minimum cost curve 
[PRST (F), Fig. 1]. 

If the driver selects facility C Lline C, Fig. 1], then x, his valuation of distance 
disutility, must belong in the range r to s, for this is where C is the minimum cost curve. 
Selection of F is the case exemplified by inequality (Eq. 6). It will deserve special 
treatment. Selection of A would mean that the driver has a negative distance disutility 
cost. Selection of E is merely unaccountable by the model in its present form. E is 
never the minimum-cost solution and is, therefore, termed a noncompetitive facility 
under the circumstances. Both of these aberrant cases will be briefly discussed 
hereafter. 

As already mentioned, a negative disutility cost of distance is at odds with the 
empirical observed behavior of an overwhelming majority of drivers. Negative disutil- 
ity cost values or selection of a noncompetitive facility can be interpreted without 
throwing the model away, however. They can arise from a nonuniform distortion in 
distance perception on the part of the driver. If there are only a few occurrences of 
drivers with negative costs, we will just dismiss the datum and tally only the percentage 
of people falling in that category for later use in an assignment model. 

The 2 aberrant cases can also arise from what we might term blurred rather than 
biased perception. People are probably little sensitive to small differences in dis- 
tances and may, therefore, make decisions apparently at odds with the "numbers." 

If negative disutility cost values are observed in significant number, we propose to 
investigate whether it can be traced to some slackness in sensitivity to distance by 
defining a sensitivity threshold, for instance. 

Histogram 

A histogram is a statistical representation describing the number of observations 
■fling within a certain range (a to b). These observations are represented by a rec- 
the area of which is proportional to the number of observations and one side of 
^duch is the interval (a to b) on the horizontal axis of the graph. 

Figure 2 shows a distribution with 3 groups of observations: In group 1, 10 obser- 
^tions are between 0 and 5; in group 2, 20 observations are between 5 and 10; and in 
20 observations are between 10 and 20. Group 3, being spread over an inter- 
”>rk dCe as large as that of group 2, is assigned an ordinate twice as low. 

The limit of a distribution's histogram is a probability density function when inter- 
”Us multiply ad infinitum and their width tends toward 0. In other words, the histogram 
institutes an approximation to the probability density function after the area under its 
™ r «J lle ^ er bas been normalized to 1 (by rescaling ordinates). 

_Hnch a histogram could be constructed step by step from the inequalities (Eq. 5) 
■cached to each surveyed parker. Each parker is considered as being one observa- 

n > and this procedure does not affect the final configuration of the histogram. 

•ide ^ With the same P arkin g location and the same on-foot destination could be con- 
Ces aS a ® rou P al: tllis sta g e > but later considerations will call for individual pro- 
ETf 111 ?.' The range for the group is assumed to be the interval defined by the set of 
Parle B ^ eS ‘ as Probable, the data come from a sample survey, each observed 
Whm er bas to be weighted with the appropriate factor to expand sampled data to the 
® Population of parkers. 

Ea ef Prob l em of parkers with an upper unbounded disutility cost of walking (inequality, 
> can be dealt with in 2 ways . 

hound By es timating an absolute highest disutility cost based on the highest upper 
8 observed among other parkers and based also on common sense rationales, 
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l a., a value that would make a taxi ride a preferable alternative; and 

2. By calibrating a value of the upper bound that, in turn, would produce a best 
fit when the histogram is used for predictive purposes (this will be developed later in 

this paper). 

itribution of the Value of Time 

In the preceding section we have proposed a method to build the distribution of the 
disutility cost of walking based on distance. An assessment of walking speed is nec- 
essary to derive the distribution for the value of time. 

Existing studies (11) show that pedestrian travel speeds (averaged over a complete 
portal-to-portal walk because speeds can vary significantly from block to block during 
the same walk) can be considered normally distributed, with significantly different 
means for men (4.93 ft/sec) and women (4.53 ft/sec). Standard deviations are similar 
(approximately 45 percent of the value of the mean). Here again, the problem can be 
approached in several ways: 

1. The speed is assumed to be constant and equal to the mean of the observed dis- 
lutions for men and women separately, if this information is reported in the survey; 

2. Walking speed is considered to be a normally distributed random variable with 
known mean and standard deviation and is assumed to be statistically independent of 
walking disutility cost; and 

3. Walking speed is considered to be linearly correlated in a positive way with 
distance disutility cost (the rationale on which this assumption is based is developed in 
the brief discussion hereafter). 

• Regarding the first approach (constant average speed), once a unique speed has been 
set (possible one for each sex and purpose), multiplying the horizontal scale by that 
speed factor will transform dollars/ft into dollars/min, thereby yielding the distribu- 
tion of the value of time. Some studies have indicated a variation of walking speed 
with time of day, but this seems to be related primarily to trip purpose. If warranted, 
the model can be applied separately to each trip purpose. 

Regarding the second approach, we briefly discuss the assumption of independence 
between walking speed and distance disutility cost, on which it is predicated. A rapid 
and lively pace is often correlated with a certain liking for walking. It seems logical 
to assume that a great liking for walking is linked to a lower distance disutility cost. 
Conversely, a slow walking speed would be associated more often with a dislike for 
talking and a high distance disutility cost. The assumption of independence appears 
at best as a convenient simplification, pending a careful and much-needed test of its 
validity, if the kind of statistical correlation depicted above does exist but has to be 
overlooked for convenience reasons, the distribution of time value derived under the 
assumption of statistical independence will be flatter and more widespread than the 
distribution. The computations required to develop the distribution under the 
assumption of statistical independence is described in the Appendix. 

The rationale in favor of a correlation (i.e., the third approach) is developed in the 
Preceding paragraph. If the first and second approaches yield unsatisfactory results, 

“ to Possible to single out some of the observed parkers and track them later to mea- 
8Ure their average walking speed. (In a later section, tests will be suggested to eval- 
®*te the reliability of the distribution produced.) Conditional distributions of distance 
'■“Utility cost could be constructed for people with given walking speeds, and their 
£°rrelation with speed analyzed. This is a long and costly operation, but there is 
"Jjod reason to think that, if such a correlation does exist, it depends primarily on the 
toture or the distribution of temperamental features among the population and therefore 
rather constant from place to place, at least within a culturally homogeneous domain 
* aS North American cities. Several definitions for stability are sug- 

|®8ted in the Appendix. At any rate, once this tedious investigation is performed, the 
^ aer *t of different cities could dispense with this special kind of tracking survey and 
It 0i % standard parking surveys for data gathering. 
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PRELIMINARY EVALUATION OF THE MODEL 

cost°oftla y collection! m T 0,18 PaP<ir iSta to. 

standard parking surveys conducted at intervals in majoT Ame^i'caVcitv'"^ ^l 316 fr ° m 
Minor changes such as additional questions dealing with sex aee or in™ nt6r areas> 
accommodated at practically no cost if one wanted a stratif^d ap^l^a 10n of e ft p OUld ^ 
Data processing would be slightly more sophisticated than fnr a = i ^ f the model - 

but the basic program for histogram building is neither sophisticated nor v T StUdy - 
can be used again in different studies. * phisticated nor very long and 

Many situations in which walking can be traded off fnr mnno„ j 
ment are of a multiple-choice nature More than 2 mr JL ‘ y “ downtow n environ- 



to any modefofXTsc^^ but ^ statement can be aPP^d 

decision-maker's actual value of Hm y yPe j , 0n the other hand, if supplied with a 

decision. £Zr £*a p™”ab,l S'dS^t" 0 ' f Caplbl , e ° f » redic,1 "e Person', 
dictabilitv" (i p ncnpi^o abilities do^ not reflect people’s indeterminacy or "unpre- 

formulation have to be arbitrarily assienerfn" 1103 ^ defined in terms of Thomas' model 
to work satisfactorily) h„t Sh* d op P oslte decisions in order for his model 

lime ° n °" r Par ‘ aS ,ha ‘ r 

trap or'ircefvef cost? element 0f our " tolal c '“<" function eliminates the 

previous studies have faiie ° ” h “' '» 

We now turn to the shortcomings or ‘difficulties we see involved in the model 

matter, dlstSce p'e” cXedTers us" actual ' SanceT" IT ^7^ ^ ( ° r ’ f ° r ^ 

a (^toarttoie'dmration^s by overe stimates or^nderestimates 6 ^!!' 

by that factor the vainest r 6 factor ' thls merely amounts to scaling down or up 

?° m ac i ual dura,i °”' ^ revised value is 
purposes In that case addino- lr ? e and can be used sensibly for evaluation 

survey should take care of the oroblem about perceived walking time in the parking 

durations and capable of e jl^ f, lnasmuch as people are sensitive to short-time 
here not to people 'sbiasesbrntoUer™ hY reasona bly narrow range. (We refer 
perception.) 3 Sis procedure would^ e hm tt is a Case of " blurred ” 

developed above. Both could be later synthesized"^ °* Walkin J s P eed analysis, as 
as will be discussed lafer n Dr „ .. s y nt hesized in an improved version of the model, 

integrated systematically in the modeTand^llbf dependon circu mstances cannot be 
multitude of other random Mue”ce s aSsumed away ’ “aether with “» 

out”„ e r““„ e e n s“o' ;Ve h e e drm h o e f,s, 0 ”,! h „ e „ dlS ,f lllty C ,° S * Walk1 ”^ <""><* °«*» <«*• » la T 

«o the value of a '-S' day would lead 

is not uninteresting, it is suggested Siat fhe w d °dgmg raindrops. Although this 

!i=r d e^ 

of time. 


t evident that their valuations of walking time are different. A discussion in the 
unendix demonstrates that, as parking duration increases, cheaper and more distant 
Smies become preferable. This establishes the necessity of treating each inter- 
jj ewec j parker separately to assess his exact parking fee, either by direct questioning 
|Eh? using rates and recorded parking duration. Short-term and long-term parkers 
of course, be processed separately, if so desired, and separate histograms 

•repared. 

Drivers occupy parking facilities on a first-come, first-served basis. At certain 
Hmes during the day, some facilities are saturated and the driver is faced with only 
Restricted supply. Figure 3 shows how this may bias the estimated range for the 
driver's distance disutility cost to the point where the actual value lies outside the 
estimated range. If all facilities were available, the minimum-cost domain is the line 
PQRTD, and a driver with a disutility cost x„ selects facility C. As in the earlier sec- 
tion, we reason that his disutility cost range is b to d. When C is removed from the 
supply, the minimum-cost curve becomes PQRSTD, and the driver selects facility B. 

If we do not know that C is out of the supply, we will interpret his decision as evidence 
that his disutility cost range is a to b, which is erroneous. One could keep track of 
facility saturation by hours of the day in the survey, but it does not seem practical at 
this point. Moreover, saturation is not a stable condition: C may be saturated a 
moment and then become open again as B becomes saturated, and so on. The bias 
tends to smooth out the histogram rather than change its balance. Figure 3 shows that 
range a to b was mistaken for the "true” range b to d. But it is so only because x 0 is 
inferior to c. Had x 0 been superior to c, the driver would have selected facility D, 
thereby leading us to mistakenly assume range d to +a instead of the true range b to d. 
The net result is that people who should have been distributed in the b to d interval will 
now be represented on either side of the histogram. 

MODEL APPLICATION 

The probability distribution of the value of time (or walking distance disutility cost) 
can be used in many applications, which can be roughly categorized in 2 groups. 

1. Economic analyses estimating value of time savings accruing to pedestrians 
due to an improvement in pedestrian circulation, such as an overpass, a trail system, 
or a people mover, or evaluating alternate plans for a primarily pedestrian-oriented 
facility, such as a hospital, university campus, or civic center, (in case of a people 
mover, our curve would give a lower limit because the action of walking is considered 
a hardship by many, regardless of the time involved: a people mover mitigates this 
hardship.) 

2. Pedestrian assignment models based on a total-cost-function assignment of 
drivers with known on-foot destinations to parking facilities (enabling a comprehensive 
treatment of parking schemes and pedestrian systems) and an estimation of pedestrian 
traffic diverted to a new facility, such as an overpass, or a people mover. 

We use drivers' assignment to parking facilities as the example because it will help 
e *plain calibration procedures. Assume an average walking speed determined by the 
driver's physical characteristics (sex and age). Assume also 3 parking facilities A, B, 
^d C and a group of drivers who have identical characteristics, have destinations in the 
same building, and are willing to purchase 1 hour of parking. Parking rates, walking 
distance, and time are as follows: 



Parking 

Walking 

Walking 

Total 

1 

Rate 

Distance 

Time 

Cost 

Facility 

($/hour ) 

(ft) 

(min) 

Function 

A 

0.10 

1,250 

5 

0.10 + 5x 

* B 

0.30 

500 

2 

0.30 + 2x 

C 

0.50 

250 

1 

0.50 + x 
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several values of yieId a certain value I ( M ) for the n V h aggregate.) 

enable *i« S to 0 deter at ' 1 ^ ““Xsymptotif when hf 1 

synthesized intercii? 1116 a VaIue ° f M and to maximize I 7 777^' This in turn wiU 
provided. ange patterns is not satisfactory another^ between observed and 

So far we have used 0 as the ° f can be 

probatny a nonzero minimum Jue'l 71!", ranges that Iack one - But there is 
To calibrate the model with re-W Jdf ple S vaIue of time. 

as c e nT or *, e C 7 ^ ue s be borrowed from nonlinear^ 7 Same . time requires that some 

generallv e ? U -, ed gradient ) so that the I (M L) P grammin g (such as steepest 
generally entail much computer time rI-E surface can be "climbed" on Thev 

analysis Rh Th™ already involves a complete 7” Pr ° bIem the com Puta'tiodof 1 
caUbraHn h iS reIativ ely inexpensive) Tm T 6 "* rUn pIus a Performance 

calibration dependent on the cost of running he basdd ^ feasibil ity of a double 

g me oasic assignment program. 
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correlations of these 3 characteristics 


in a given individual. Correlations between v and z and between b and v could be con- 
sidered as stable among cities (within a given culture, e.g., Northern Europe or 
gouth America). They depend mainly on cultural, noneconomic features. The math- 
ematics of a model based on such premises is developed in the Appendix. 

„ Street grade plays a double part in decisions entailing walking. First, it increases 
the actual walking time, and, second, it makes walking more exhausting and thereby 
increases its disutility cost. In a first approximation, we may assume that this in- 
crease Az in disutility cost is directly related to the street gradient g. 


Az = ag if g s 0 

Az = 0 ifg<0 (walking down a street) 


and total cost for a parker would now be 


C = k9 + tz + t(g) Az 


( 8 ) 


(9) 


where t(g) is the time effectively spent walking on a street with gradient g, t is total 
walking time, and e is parking duration. The ideal situation to test this model and 
calibrate the parameter a would be a city with several dense nuclei, one in flat terrain 
and another in a hilly area. A first study conducted in the flat area would provide the 
I distribution of z. A second study in the hilly core would determine the probability 
distribution of a, assuming the previously derived z distribution. We are working at 
mis time on a model that could determine directly both the z -distribution and the a- 
distribution. 

It is interesting to note that the latter approach, if successfully developed, can be 
applied to any variable teamed with value of time (or distance disutility cost), provided 
,. a ® cale 1S available for that variable. "Street attractiveness" or "environmental 
V 1 a flat area can be treated within this framework. The quality scale required 
could be based on the variations in walking speed. Hoel (11) has observed that the same 
peaestrmn walks at varying speeds in the course of a trip, depending on the type of 
oiock he is walking along (shop windows, bank, factory, or parking lot). 

CONCLUSIONS 

i . Tb ^ s P a P e v proposes a model of pedestrian behavior that can be tested in a real 
lectten° n at 3 minimal cost ’ if cou Pl ed with a standard parking survey for data col- 
or ^° St ? f the pa P er deals with how to determine the probability density distribution 
trianVu- ° f walking time > which is believed to be the central element for a pedes- 
u till 7 a f* avl ° ral model applicable to a variety of situations (parking location selection, 
improveme° t |*° r ^ d * s ^ ance pe0 P^ e movers, or evaluation of pedestrian circulation 

imp rovements to the model can be introduced, if necessary, by adequately 
^ing the parking survey questionnaire. 

the J„? P 7 aCh proposed an °ws for an incremental study design, concerned first with 

grariio i °* ^ lme and *- ben with other elements of the choice procedure such as street 
» aments or environmental quality. 

multfni aat 7 eS ° f the model inits basic form are the low cost of da ta collection; its 
its " P 7i' Ch ? iCe nature ’ covering a wider range of situations than binary-choice models; 
instead ° ry or i en i a ti° n i n that it proposes a rationale for pedestrian behavior 
individ, i ! m ° re numerical correlation and remains meaningful at the level of an 
defined • deci sion-maker: and its avoidance of the use of dollar costs that are ill- 
^ ln f be decision-maker's mind (such as car operating costs), 
time- fi, ng ^ be mode f s shortcomings are the problem of time perceived versus actual 
counted f Variability of walking speeds; the influence of the weather, which is unac- 
to calihr7f r ’ ^ be ff rs t _ come, first-served rule of operation in the situation selected 
°f these d 6 the model tbat tends to distort the distribution of the value of time. Some 
Such as 77 b r kS can be miti S ated through investigation of particular interrelations 
Personal 1 etween walking speed and time perception bias, considered as permanent 
i characteristics. Others are still beyond the range of analysis. 
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Evaluation criteria are proposed to test the model's reliability. This paper sue- 
gests that a first test be made in a medium-sized city that has a flat and rather urrifiwJ 
CBD. Subsequent tests can then be designed, if warranted, depending on the insuffi!!l 
ciencies evidenced by the first one. This paper has tried to anticipate some of the 
problems and to suggest solutions. 


xt = z5 
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APPENDIX 


DERIVATION OF DISTRIBUTION OF VALUE OF TIME 
ASSUMED STATISTICALLY INDEPENDENT OF WALKING SPEED 


v = walking speed, 
t = walking time, 

6 = walking distance, 
x = value of time, 
z = distance disutility cost, 

p(z) = probability density function of z among the population, 

q(v) = probability density function of v among the population, and 

r(x) = probability density function of x among the population. 

p(z) is assumed known through the histogram method, q(W is known from prior studies> 
and r(x) is to be determined. 

We have, by definition, 


gftons 10 and H imply that 


X = zv for x, z, v S 0 


K the product of 2 independent stochastic variables, and its distribution is 


Also, the overall cost of walking must be the same, whether computed on the basis of 
time or on the basis of distance. 


^2 

r(x) = f p(z) • q< x / z 

Z i 


End z the limits of integration, are functions of the boundaries of the ranges per- 
mitted for z and v, which in turn define the range permitted for x. 


Dp(z) and q(v) are step functions, Eq. 13 is changed into Eq. 14. 


r(x) =X pKzi + Zt+D/2 1 * qEx/ta + z,+ 1 ^ 

i=l 


7 z are the abcissas at which p(z) jumps from one step to the next. 

wher f. Zl ’ nardcularlv relevant to the determination of r(x) by approximation, 
Tn pLd q are ^ on?y empirically defined, and therefore not amenable to theoretical 

calculus. 


DEFINITION °y™“” T °o N T oF dSuTy' ^ ^ 


j - — 

A. mentioned earlier, there is 

than average and thereby have a low distan values) Conversely, slow 

waiters wou^d h^e ^di^tenc^disutility ^ost ^distribution shifted toward the high values. 
This correlation can be formulated as follows. 

/ * r- \ 


V = f(z) 
CTv = g(z) 


v = mean value of the average walking speed v, and 
ff T = standard deviation of v 


w y — uvuiiuma vt — — 

r^qSrnf ridTar'efaUeal?' Teo'reTaU^ sSS'denl to define the distribution 

stability is to assume that the functions f and g ar the same average 

this would mean in turn that people with a given walking speea 

disutility cost in city A and city B. This is not obvious u (exemplified 

Although, it seems reasonable that people’s physmal characterisacs v various 
here by "walking speed") are distributed in approximately the^same way^ ^ ^ 
cities, differences in social and economic conditions J 

valuations by those physically similar people located m diiferent cit . le - s 

For instance, if wages, prices,; suH t, cost Imd aifo hive doubled, 
Preferences stayed unchanged, their distance y before. Equations 

although their walking characteristics would still be the same as oeio 

15 and 16 would then read 


v = f(z') 

Tv = g(z') 


A 




a 
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where 

z' = new distance disutility cost = twice old cost = 2z. 

However, for everyone, disutility cost relative to the population's mean would be 
undisturbed by the overnight change. 

z'/mean z' = 2z/mean (2z) = 2z/2 mean z = z/mean z ( 19 ) 

Consequently, one way of expressing the stability of the correlation between v and 
z, regardless of (intercity) differences in socioeconomic conditions, is to replace Eqs 
15 and 16 with Eqs. 20 and 21, valid in both the before and after situations of the 
example given above. > 

v = F(Y) . (20) 

ct v =G(Y) (21) 

where 

Y = z/z, and 

z = mean value of z among the city population. 

Taking the functions F and G to be the same in different cities is now a relatively 
safe assumption. 

A different but somewhat similar rationale could lead to v and ct v being functions of 
Y = (z - z)/ct 2 ; these functions, like P and G, would then be considered valid for all 
cities. 

IMPACT OF PARKING DURATION ON TIME AND COST TRADE-OFFS 

The total cost Q to a driver selecting parking location i is 


Ci = 0ki + xt, 


where 


k, = hourly rate of facility i, 

b = walking time from facility i to on-foot destination, 

0 = parking duration, and 
x = value of time. 

The cost differential between 2 facilities for the given driver is 


AC = Ci - C 2 = 0 • Ak + x • At 


where 


Ak = ki - k 2 , and 
At = ti - t 2 . 

Assume that facility 1, which is optimal for duration 0„, is competing with facility 
2, which is less expensive (Ak > 0) but more distant (Ax < 0). For 0 O , AC is negative; 
i.e., 

0 O • Ak + x • At < 0 (24) 

But AC increases when 0 increases, and when 

9 ->-(x At/Ak) (25) 

AC becomes positive and facility 2 is the preferred one. 

This shows that cheaper, more distant facilities become preferable when parking 
duration increases, if a constant value of walking time x is used. Of course, the 
marginal value of parking time k t tends to decrease. This is well in accordance with 
observations. 
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r’nnriTTON OF DISTRIBUTION OF VALUE OF TIME, ASSUMING 

THAT there is a correlation between walking speed and 
™ A T distance A disutility cost and a personalized 

SYSTEMATIC PERCEPTION BIAS 


Let 


v = walking speed, 

T = actual walking time, 
t = perceived walking time, 

D = actual walking distance, 

6 = perceived walking distance, 
x = perceived value of time, 
z = perceived distance disutility cost, 

Z = actual distance disutility cost, 

„(Z) - rXSS“lu r „'ctio» OI Z among the tola, population. 

: EKES £25 ££2 2 1 £3 £ — “ - 

s (b) = probabilUy density function of b among the total population. 


The perception bias b^ s assumed^to^be^staUstically inde^endmit^^all^other^pe^ 

sonal characteristics z, , • distr ibution p(Z) is known from model application 

parking survey or prior studies on perceived time. Basic aeiinni 


are 


t = b • T 
6 = b • D 
D = V • T 
xt = zd = ZD 


(26) 

(27) 

(28) 
(29) 


Equations 26 through 29 lead to 


(30) 


(31) 


x = (Z • v)/b 

Therefore, the probability density distributions are related as follows: 

r ( x ) _ J J p(Z) • q(v/Z) • s(Z v/x) • dZ • dv 

As belore, bounds can be imposed on v, Z, and b that will resWcl the «u>ge 
For each (permitted) value of x, the limits of Integration are functions ol the bounds 

As" show’tarie^: 31 can be transformed to lit the case ol step functions, partic- 
ularly relevant to the empirical determination of rlx). 
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